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Abstract 
Research has shown that the phenomenal brightness increase 
while viewing through yellow lenses does indeed exist"', This study 
explores this occurrence through the use of the visual evoked 
response (VER) to objectively demonstrate the existence of the 
.. 
neurophysiological correlate to explain the perceived increase in 
brightness. The results showed minimal electrophysiological 
changes that would correlate with the subjective brightness 
reported by all the participants. It appears that a neurophysio-
logical correlation of the brightness is not detectable with the 
VER as measured urider the conditions of this study. 
It has been demonstrated that subjects experience a pheno-
menal increase in the brightness of the field viewed through yellow 
lenses. This has led to the relatively wide spread_use of yellow 
,. 
tinted lenses. by hunters, target shooters, skiers, and night 
drivers to enhance their performance otherwise inhibited by adverse 
(dim) viewing conditions. 
<, 
Explanations for this phenomenon range from philosophical 
speculations to reasoning involving the effect of the spectral 
transmittance by the clear ocular media. One may, for example, 
. 11 . h . d b . h 18 assoc1ate ye ow w1t sunsh1ne an r1g tness. It is also known 
that light of shorter wavelengths is scattered more by the clear 
ocular media (in the ratio the reciprocal of the fourth power of 
the wavelength). Interposing a blue absorbing yellow filter before 
the eye selectively screens out the shorter wavelengths thereby 
decreasing the scatter and increasing the contrast of the image. 
This increased contrast may also be interpreted as an 1ncrease 
in brightness, but in either case it is a subjective interpreta-
tion that is involved. 
The purpose of this study is to objectively show the existence 
of a neurophysiological correlate (as measured with the visual 
evoked response) to explain the perceived increase in brightness 
through yellow lenses. 
-1-
2 
Review of the Literature 
1 2 3 4 Bartley and Ball, ' ' ' among others, have demonstrated 
subjective brightness enhancement using varying flicker fre-
quencies and wavelengths. Their studies shmv a peak enhancement 
at 500 nm. and 580 nm. They report that the visual.acuity at 580 
nm. ~s essentially equal to the visual acuity at full spectrum. 
No mention was made of pupillary controls during these studies. 
In 1941, Halstead6 found the effect ·note4 by Bartley still present 
when iris and ciliary oscillations were neutralized with scopola-
m~ne. 
8 In 1966, Lowenfeld concluded after her literature survey 
regarding pupillary activity that the pupillary spectral sensiti-
vity for large fields in the dark adapted eye was essentially the 
same as ·the scotopic human visibility curve. Finally, Shipley, 
13 Jones, and Fry (1968) found no changes ~n VER waveform coding 
with or without the pupillary reflex. 
In 1968, Septon12 did a quantitative study of brightness 
enhancement through yellow filters. He determined that under 
photopic conditions yellow filters enhanced the subject's percep-
tion of "brightness" by 25 percent and concluded that the effect 
b 1 . k d . . . d 11 d h' 1' f must e ~n e to cone act~v1ty. R~char s pursue t ~s ~ne o 
study in 1973 and reported an enhancement effect that appeared to 
be based upon a non-linear summation of cone mechanisms, in the 
presence of an edge. 
7 Justifiable use of the VER was demonstrated by Ludlam et. al. 
(1970) when he closely identified the VER with the photopic system. 
Subsequent studies with the VER show that as luminance increases 
the amplitude of the VER signal increases and the latency 
3 
9 10 decreases. ' Though the reliability of VER results using ampli-
tude measurements has recently been questioned, Van Brocklin15 
et. al. have shown consistent results when using latencies. In 
addition, Parry-Jones, and Fenwick10 demonstrated that color affects 
waveforms and amplitudes. Latencies, however, measured to the first 
13 
negative trough by Shipley, Jones, and Fry have shown to be 
unaffected by color changes. 
The literature shows that an increase in luminance levels gives 
r1se to a brightness enhancement effect and to increased amplitudes 
•. 
and decreased latencies of the VER. Yellow. lenses appear to 
increase brightness, therefore their use should produce similar 
VER findings - an amplitude increase and a latency decrease.· 
Subjects 
Ten subjects, aged twenty-four to thirty-seven, participated 
1n this study; six were males and four were female. 
Materials 
A trial frame was used to provide correction to 20/20 or 
better for those subjects who required spectacle lenses. It also 
held the filters; a pair of Wratten 4/:96 neutral density filters 
0.1 mm thick having a luminous transmittance of 80 percent, and 
Wratten #8 (yellow) filters of luminous transmittance of 86.6 
percent, which when combined with plano glass lenses yielded a 
resultant 80 percent luminous transmittance, therefore, the 
transmittances to the eye under both conditions was equal. 
4 
Procedure 
Prior to taking the VER data, subjects looked through the 
yellow filters and were asked for a subjective comparison of 
"brightness" with and without them. All subjects used in this 
study subjectively responded positively to a phenomenal brightening 
of surroundings with the yellow filters. 
Standard VER measuring techniques were used with each subject. 
The electrode points, one centimeter abo~e the inion on the skull 
midline and each earlobe, were thoroughly cleaned with alcohol to 
remove skin oils that might interfere with the signal. Redux 
electropaste with ground quartz was rubbed into each site and on 
each electrode. A silver disk electrode was placed on the skull 
site and held snugly in place with an elastic headband. Each ear-
lobe was connected to a silver clip-on electrode. 
A steady state VER stimulus consisting of a checkerboard 
pattern with a sinusoidal reversal rate of 7.8 Hz was displayed 
on a video monitor twenty feet in front of the subject. The room 
was dark and void of outside stimulus. This reversal rate pro-
duced aVER response of 15.6 Hz, chosen because it is well out 
of the alpha wave band of 9 to 13 Hz and because conversion data 
to compute latencies were available for that rate. The data-
summ~ng computer was calibrated to be in phase with the sinusoidal 
pattern to facilitate latency measurements. 
On each run one hundred pieces of data, three milliseconds 
long each, were ensemble averaged to reduce noise. On most sub-
jects five runs of each conditions were completed and averaged. 
5 
The three conditions were (1) a closed eye set to determine base-
line noise level, (2) observance of the sinusoidal checkerboard 
through the yellow filters, and (3) observance through the neutral 
density filters. The yellow filter runs and neutral density runs 
were randomly interspersed with the closed eye "noise" runs. On 
each open eye VER the patient was given a thirty second conditioning 
period before starting to collect data, a procedure commonly used 
by VER practitioners to decrease the variability of subsequent 
data. Each data collection period spann~d approximately fifty 
seconds, after which the subject was allowed to relax for aminute 
before the next run. 
A Fourier transform was used to analyze the data, isolating 
the cortex output at the frequency of 15.6 Hz. The phase of this 
component was compared to the phase of the display to determine 
latency. 
Results 
Table 1 summarizes the data from all subjects. The raw VER 
values for latency in milliseconds and amplitude are given. The 
means ( u 1 for neutral density and u 2 for yellow) are calculated. 
The percent change in the means (% u) u1 versus u2 are presented 
with a sign convention as follows: If the yellow latencies were 
shorter and amplitudes higher than those in the neutral density 
runs, our hypothesis was supported and the figures are preceded 
by a + sign. The standard deviations for each set of data are 
also presented and the F ratio of each set calculated to determine 
the significance of the differences between the means u1 and u2 
at the 0.05 and 0.01 levels. 
6 
Taking into consideration the proposal by previous researchers 
that the effect of the yellow lenses may be subject to adaptation, 
we compared the results of the data, trial to trial, looking for 
any trend toward decrease of the amplitude and increase in latency 
as the yellow runs progressed. This data is shown in Tables 2a and 
2b. Similar data for the neutral density runs is provided 1n 
Tables la and lb for comparison. In these tables a + sign indi~ 
cates an increase in value from the preceding run. 
Though the latency values were far ~ore consistent than the 
raw amplitudes within each subject, they were not comparable sub-
ject to subject. The variability of both amplitude and latency 
under each conditions is represented in Graphs la, lb, 2a, and 2b. 
The zero points are the values for the first run with variance 
from that level represented by the lines. Latency variation was 
often as little as two milliseconds 1n some of our subjects. 
Several subjects showed an amplitude change in absolute differences 
of less than 100 units; however, we also saw absolute variations 
of up to 1335 units. 
We looked for an overall trend that might support our hypothe-
sis. In Table 3 we were looking for shorter yellow latencies and 
higher yellow amplitudes comparing trial for trial; the first yellow 
run versus the first neutral density run, the second yellow to 
second neutral density and so on. We found that 50 percent of 
the time the yellow latencies were shorter and 39.6 percent of 
the time the yellow amplitudes were greater than the neutral den-
sity amplitudes. If we take into consideration that VanBrocklin 
et. al. established that an amplitude variation must be 20 percent 
7 
or greater 1n steady state VER to be significant (Column C) the 
percentage of significant amplitude changes in the expected direc-
tion falls to 35.4 percent. 
Cone lus ions 
Our VER study showed minimal electrophysiological changes that 
would correlate with the subjective brightening effect reported by 
all participants. Subjects five, eight, and nine did show a statis-
tically significant shortening of latencies under yellow conditions. 
Subjects three and eight showed statistically significant increase 
in amplitudes with the yellow filters. However, only the one sub-
ject responded significantly in the expected direction when using 
both measurements. 
These results must be looked at in the light of our testing 
conditions. Septon found that his subjects demonstrated a yellow 
brightness enhancement that was strongly dependent upon luminance 
levels. His peak response came at luminous levels of 160 cd/m2 
and greater while the luminous level or our VER steady state 
-7 2 
screen was 7.4 x 10 cd/m . 
In Richard's research on increased contrast enhancement under 
colored filter conditions he determined a time course of relative 
acuity enhancement with yellow lenses that indicated the enhance-
ment effect may be temporary. Acuity enhancement dropped off 
after three seconds in the two subjects run through the time course 
studies. If adaptation takes place that quickly it was certainly 
lost 1n the thirty second stabilization period \ve used at the begin-
n1ng of each trail. This may explain why our Trial 1 versus Trial 
5 comparisons yielded little evidence of adaptation. 
8 
It would appear then, that the brightening effect of the 
yellow lenses for at least nine of the subjects observed is either 
simply a psychological, subjective response or that the electro-
physiological correlation of the brightness is not detectable in 
the amplitude or latencies of the steady state VER measured under 
the conditions we have described. 
9 
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